Background An improved understanding of how gender differences and the natural aging process are associated with differences in clinical improvement in outcome metric scores and ROM measurements after reverse total shoulder arthroplasty (rTSA) may help physicians establish more accurate patient expectations for reducing postoperative pain and improving function.
factors are associated with the combined interaction effect between age and gender? (4) At what time point during recovery does most clinical improvement occur, and when is full improvement reached? Methods We quantified and analyzed the outcomes of 660 patients (424 women and 236 men; average age, 72 6 8 years; range, 43-95 years) with cuff tear arthropathy or osteoarthritis and rotator cuff tear who were treated with rTSA by 13 shoulder surgeons from a longitudinally maintained international database using a linear mixed effects statistical model to evaluate the relationship between clinical improvements and gender and patient age. We used five outcome scoring metrics and four ROM assessments to evaluate clinical outcome differences. When controlling for gender, each 1-year increase in age was associated with an improved ASES score by 0.19 points (95% CI, 0.04-0.34, p = 0.011) and an improved SPADI score by -0.29 points (95% CI, -0.46 to 0.07, p = 0.020). However, each 1-year increase in age was associated with a mean decrease in active abduction by 0.26°(95% CI, -0.46 to 0.07, p = 0.007) and a mean decrease of forward flexion by 0.39°(95% CI, -0.61 to 0.16, p = 0.001). A combined interaction effect between age and gender was found only with active external rotation: in men, younger age was associated with less active external rotation and older age was associated with more active external rotation (b 0 [intercept] = 11.029, b 1 [slope for age variable] = 0.281, p = 0.009). Conversely, women achieved no difference in active external rotation after rTSA, regardless of age at the time of surgery (b 0 [intercept] = 34.135, b 1 [slope for age variable] = -0.069, p = 0.009). Finally, 80% of patients achieved full clinical improvement as defined by a plateau in their outcome metric score and 70% of patients achieved full clinical improvement as defined by a plateau in their ROM measurements by 12 months followup regardless of gender or patient age at the time of surgery with most improvement occurring in the first 6 months after rTSA. Conclusions Gender and patient age at the time of surgery were associated with some differences in rTSA outcomes. Men had better outcome scores than did women, and older patients had better outcome scores but smaller improvements in function than did younger patients. These results demonstrate rTSA outcomes differ for men and women and for different patient ages at the time of surgery, knowledge of these differences, and also the timing of improvement plateaus in outcome metric scores and ROM measurements can both improve the effectiveness of patient counseling and better establish accurate patient expectations after rTSA. Level of Evidence Level III, therapeutic study.
Introduction
Prior research has identified associations between gender and patient age at the time of surgery with results of many orthopaedic procedures, including anterior cruciate ligament reconstruction, osteoarthritis, shoulder instability, and hip fracture surgery [4, 6, 8, 18] . Reverse total shoulder arthroplasty (rTSA) has been performed in the United States since its 510k clearance in November 2003 and was initially indicated for rotator cuff tear arthropathy in the elderly patient [2, 3, 7, 9, 12, 13, [15] [16] [17] . Gender and age differences have previously been shown to be associated with different patient expectations for anatomic total shoulder arthroplasty (aTSA), but no such study has evaluated any association of gender and age differences with rTSA [4, 6] .
The use of rTSA has increased at a greater rate than other shoulder arthroplasty procedures, and the mean age of patients undergoing this procedure also has decreased [11] . Even with rTSA use increasing across multiple age groups, little information exists regarding if gender and patient age at the time of surgery are associated with differences in the rate and magnitude of clinical improvement after rTSA. An improved understanding of how gender differences and the natural aging process are associated with the rates and magnitude of clinical improvement in outcome metric scores and ROM measurements after rTSA may help physicians establish more accurate patient expectations for postoperative pain reduction and functional improvement and may lead to greater patient satisfaction with the results of surgery.
Therefore, we asked: (1) Is gender associated with differences in rTSA outcome scores such as the Simple Shoulder Test (SST), the UCLA Shoulder score, American Shoulder and Elbow Surgeons (ASES) Shoulder score, Constant Shoulder score, and the Shoulder Pain and Disability Index (SPADI) and ROM? (2) Is age associated with differences in rTSA outcome scores and ROM? (3) What factors are associated with a combined interaction effect between age and gender? (4) At what time point during recovery does most clinical improvement occur, and when is full improvement reached? To answer these questions, we used a linear mixed effects statistical model to evaluate five different outcome scoring metrics and four ROM assessments in 660 patients undergoing rTSA for cuff tear arthropathy or rTSA for osteoarthritis with rotator cuff tear.
Patients and Methods
This retrospective, comparative study focused on patients who were followed in a longitudinally maintained multicenter registry between March 2007 and March 2014. The study group consisted of 1569 patients who underwent rTSA performed by one of 13 fellowship-trained orthopaedic surgeons using a single platform shoulder system (Equinoxe; Exactech, Inc, Gainesville, FL, USA). Institutional review board approval was obtained. Inclusion criteria for this study were either cuff tear arthropathy or osteoarthritis with rotator cuff tear; revisions and rTSA performed for any other diagnoses were excluded; application of these criteria reduced the number of eligible patients undergoing rTSA to 1419. Seven hundred eighty of these 1419 patients were eligible for at least 2-year followup at the time of this analysis, and of those, 660 (85%) were available for review. The remaining patients were lost to followup. Mean age was 72 6 8 years (range, 43-95 years). The earliest recorded followup visit was 2 weeks and the longest recorded followup was 96 months. Mean followup at the latest visit was 37 6 16 months. In all, 424 of 660 of participants (64%) were women.
We collected patient data preoperatively and then at regular intervals until latest followup. Followup visits were typically at 2 weeks, 6 weeks, 3 months, 6 months, 12 months, and annually thereafter. However, each patient did not have every time point visit, in which case evaluation took place at the next possible time. To be included in this study, each patient must have had a preoperative evaluation and at least two followup visits. These criteria permitted a more direct comparison of results achieved for each gender and age group over time. A total of 2014 followup reports were analyzed (1261 women, 753 men) with variable report numbers per visit interval (Table 1) . We used five clinical metrics to quantify outcomes, which were calculated within the database without any separate chart review: the SST, the UCLA Shoulder score, the ASES Shoulder score, the Constant Shoulder score, and the SPADI. Additionally, active abduction, active forward flexion as well as active and passive external rotation with the arm at the side were also measured. These ROM measurements were made using a goniometer with the patient in a standing position to standardize recording across study sites. Measurements were made by the surgeon, research coordinator, or physical therapist.
The design of the study included clinical metrics and ROM measurements taken at multiple time points for each patient by each surgeon. As a result of this data structure, there are three hierarchically nested units of analysis. At the first level are multiple measurements over time for clinical outcome metrics and ROM measurements. These measurements are nested within patients, which is the second level. Finally, the patients are nested within each surgeon, which is the third level. We analyze this multilevel data structure to not violate the independence assumption that is required to correctly infer statistically significant differences between age and gender. Multiple measurements for the same patient at preoperative and postoperative visits cannot be considered independent observations; thus, each patient's clinical metric scores and ROM measurements are interdependent. Additionally, each orthopaedic surgeon has interdependent clinical metric scores and ROM measurements associated with their particular set of patients that they evaluate preoperatively and at each postoperative visit.
To investigate the clinical metric scores and ROM measurements using this three-level data structure, we have constructed a particular type of linear statistical model. This linear model essentially has two parts: variation that is systematic (ie, that which can be explained by explanatory variables) and variation that we cannot control for using the explanatory variables (ie, the error term). The linear mixed model that we used in this study incorporates additional error terms (called random intercepts) into the statistical model to account for effects seen at the second level (ie, the patient effect) and the third level (ie, the surgeon effect). The two random intercepts essentially provide structure to the overall error term. In the linear mixed model for this study, the random intercepts characterize the variation that is the result of differences in individual patient measurements along with differences among patients for each surgeon. By incorporating these two random intercepts for patient-and surgeon-level effects into our statistical model, we are able to interpret and generalize the results of our model to the larger population of patients undergoing rTSA. To investigate the influence of age and gender on postoperative clinical metric scores and ROM measurements, a continuous age variable and a binary gender variable were added to the linear mixed model as fixed effects/explanatory variables. The statistical software used for the linear mixed effects analysis was R and the lme4 package [1, 10] . The difference between each postoperative followup visit and the corresponding preoperative value was quantified and defined as improvement. Clinical improvement for each outcome scoring metric and ROM measurement was reviewed for all patients by followup duration and analyzed using two-sample t-tests to compare preoperative and latest postoperative results for gender. The p values for the t-tests between genders for mean preoperative, postoperative, and pre-to postoperative improvement at latest followup were adjusted for Type 1 error rates to control for false discovery rates using the Holm-Bonferroni method [5] . Full improvement was defined as the time duration after surgery in which the cohort stopped improving relative to their preoperative measure for each outcome metric and each ROM measurement.
Results
At latest followup, patients were improved after rTSA according to each outcome metric and ROM measurement (Table 2 ). Before surgery, female patients undergoing rTSA were worse than male patients undergoing rTSA based on five of five scoring metrics and two of four ROM measurements (Table 2) . At latest followup, female patients undergoing rTSA were worse than male patients undergoing rTSA based on five of five scoring metrics and two of four ROM measurements (Table 2 ). However, no difference was noted between men and women in pre-to postclinical improvement for any scoring metric or any ROM measurement (Table 2) . When controlling for age (Table 3) We controlled for gender ( Table 4 ) and found that each 1-year increase in age was associated with an improved ASES score by 0.19 points (95% CI, 0.04-0.34; p = 0.011) and an improved SPADI score by -0.29 points (95% CI, -0.46 to 0.07; p = 0.020). Because a smaller SPADI score and a larger ASES score both correspond to better outcomes, older patients were associated with better outcomes according to both ASES and SPADI as compared with younger patients. Conversely, each 1-year increase in age was associated with an average decrease in active abduction of 0.26°(95% CI, -0.46 to -0.07; p = 0.007) and forward flexion of 0.39°(95% CI, -0.61 to 0.16; p = 0.001); thus, younger patients were associated with more motion according to both active abduction and forward flexion as compared with older patients.
Interestingly, a combined interaction effect between age and gender was found only with active external rotation (p = 0.009), although active external rotation is not independently associated with age or gender. Younger age in men was associated with less active external rotation, whereas older age was associated with more active external rotation Regarding the rate of clinical improvement, full improvement in outcome scores was reached between 6 and 12 months after rTSA, as determined by a plateau in which 80% of patients experienced pre-to postoperative improvement for each of the five outcome scoring metrics (Fig. 2) . Additionally, full improvement in ROM was reached between 6 and 12 months after rTSA, as determined by a plateau in which two-thirds of patients experienced pre-to postoperative improvement for each of the four ROM measurements (Fig. 3) , respectively. For both the clinical metrics (Fig. 2) and the ROM measurements (Fig. 3) , most improvement occurred within the first 6 months. Regarding the rate of improvement for the clinical metric scores, more than two-thirds of patients achieved clinical improvement for each outcome scoring metric by 6 months followup with some differences between metrics (Fig. 2) . The UCLA and ASES scoring metrics were more consistent over the followup duration, whereas the SST, Constant, and SPADI were more variable and changed more with followup duration. Regarding the rate of improvement for the ROM measurements, more than two-thirds of patients achieved clinical improvement for each ROM measurement by 12 months followup. However, the percentage of patients with clinical improvement in active abduction and active forward flexion was generally greater than the percentage of patients with clinical improvement in both active and passive external rotation, regardless of followup duration. Volume 476, Number 6 Gender and Age Affect rTSA 1269
Discussion
Differences in gender and age at the time of surgery have been previously documented for many orthopaedic procedures and have been previously demonstrated to be associated with differences in outcomes and also patient exceptions of clinical improvement [4, 6, 8, 18] . However, no study has previously evaluated any association of gender and age at the time of surgery with outcomes after rTSA. Therefore, we aimed to evaluate relationships between gender and age at the time of surgery with multiple different patient-reported and functional outcomes after rTSA, because this understanding may help physicians establish more reasonable patient expectations. The use of a linear mixed effects statistical model evaluating the outcome metric scores and active ROM measurements from 660 patients with 2 years minimum followup demonstrates that gender differences are associated with changes in clinical outcomes after rTSA. Specifically, men were associated with better outcome scores than women for all five metrics and greater ROM for all measurements except active external rotation. Additionally, age at the time of surgery was associated with differences in clinical outcome scores after rTSA, but to a lesser degree than gender, in which each 1-year increase in age was associated with improvement in ASES and SPADI metric scores but a decrease in ROM as measured by active abduction and active forward flexion. Additionally, a combined interaction effect was noted between age and gender for active external rotation, in which younger men were associated with less active external rotation and older men were associated with more active external rotation; no such difference was observed in active external rotation for women, regardless of age at the time of surgery. This study has several limitations. One limitation is the number of data points acquired at the later time points (Table 1) repeated measures. Specifically, the linear mixed effects model does not require the same number of followup visits for each patient, permitting time to be analyzed as a continuous measure rather than at fixed points. Another potential limitation is the involvement of 13 surgeons contributing to the registry, which introduces variability into the physical ROM assessment; we attempted to control for this limitation by standardizing patient position and using a goniometer. In some situations, the implanting surgeons evaluated and scored their own patients; as such, there is a potential for bias in the outcome metrics and ROM measurements at each followup visit. Another limitation of this study is the inclusion criteria used for rTSA, which was performed for patients with cuff tear arthropathy or osteoarthritis with rotator cuff tear. Revisions and rTSA performed for other diagnoses, including rheumatoid arthritis and proximal humeral fractures, were excluded from our analysis. Although the indications used in our study are the most common for rTSA, it should be noted that our findings related to the rate and magnitude of clinical improvement after rTSA and also the effect of age and gender on clinical improvement may not be applicable to other Volume 476, Number 6 Gender and Age Affect rTSA 1271 indications for rTSA. One final limitation is the differing techniques used with this single rTSA prosthesis as it relates to repair (or no repair) of the subscapularis. We made no attempt to split the rTSA cohort based on subscapularis repair or any other surgical technique or surgical/patient factor (eg, rotator cuff status, body mass index, cemented versus press-fit, implants sizes, complications, etc). In addition to these subcohort analyses, future work should also incorporate use of a quality-of-life health survey to assess baseline health status and improvement. Although the linear mixed effects model demonstrated better outcomes for men, it should be noted that these differences are in some instances less than the minimally clinical important difference (MCID) associated with each of the analyzed clinical outcome metrics for rTSA. Simovitch et al. [14] recently analyzed the MCID associated with different clinical metrics for rTSA and reported they were 10.3 6 3.3 for the ASES, -0.3 6 2.8 for the Constant, 7.0 6 0.8 for the UCLA, 1.4 6 0.5 for the SST, and 20.0 6 3.9 for the SPADI metric, respectively. Thus, the gender effect exceeded the MCID for only the Constant and SST scoring metrics. The linear mixed effects model also demonstrated ROM differences for both gender and age, and at least for gender, these differences were all greater than the MCID for each ROM with rTSA. Simovitch et al. [14] reported the MCID associated with different ROM measurements for rTSA to be -1.9°6 4.9°for active abduction, -2.9°6
5.5°for active forward flexion, and -5.3°6 3.1°for active external rotation. Thus, the gender effect exceeded the MCID for all three of these active ROM measurements with rTSA.
Older age was associated with improved ASES and SPADI scores but was also associated with lower abduction and forward flexion. We compared the 1-year incremental influence of age identified by the linear mixed effects model for each outcome metric and ROM measurement relative to the aforementioned MCID thresholds reported by Simovitch et al. [14] . We found the 1-year incremental age effect to be a small (approximately 1.5%) proportion of the MCID for the ASES and SPADI scores but a larger proportion (approximately 13.5%) of the MCID for active abduction and forward flexion. Based on this relative difference, we conclude that rTSA appears to reliably provide clinical improvement as quantified by these clinical outcome metrics for a wide range of ages at the time of surgery with greater age being associated with less function.
We determined that younger men were associated with less active external rotation, older men had more active external rotation, and there was no difference in active external rotation for women, regardless of age at the time of surgery. The reasons for this finding are unclear, but it is likely related to a different cause/severity of posterior rotator cuff injury in younger men relative to women and older men. Active external rotation is unpredictable after rTSA [2, 3, 11, [13] [14] [15] . By 12 months after rTSA, pre-to postoperative improvements in active external rotation were achieved by more than two-thirds of patients. However, the variability in magnitude of clinical improvement was substantial with an average of 21°6 24°for all patients at latest followup with no difference in active external rotation between men and women. The use of the linear mixed effects statistical model identified a previously unreported combined interaction effect between age and gender for active external rotation. Future work should identify whether younger men receiving rTSA experience more severe traumatic injuries or extensive posterior rotator cuff deficiencies compared with other patient demographic cohorts receiving rTSA.
Men and women both experienced a plateau in clinical improvement for each of the five outcome metric scores and for each of the four active ROM measurements between 6 and 12 months after rTSA. Additionally, we observed that most of the improvement in outcome metric scores and ROM occurred in the first 6 months. Few clinical studies have described the effect of gender or age on outcomes after rTSA, and we identified no studies that evaluated any association between gender or age and the rate of clinical improvement after rTSA. For aTSA, Jawa et al. [6] reported no difference in clinical outcomes based on gender, but they stated that gender played a role in patient expectations and the reasons for pursuing surgery. Men valued return to sport, whereas women prioritized their ability to return to managing their daily activities and chores. As a result, gender differences in expectations after surgery may affect functional outcomes differently. More unmet expectations may lead to decreased functional outcomes, whereas more expectations satisfied may lead to better functional outcomes. Henn et al. [4] reported gender differences regarding gender-based preoperative expectations with women wanting an "improved ability to drive" and "maintenance of psychological well-being." Levy et al. [8] reported on the rate of improvement differences between patients undergoing aTSA and those undergoing rTSA at 3 months, 6 months, 1 year, and at 2 years and demonstrated that patients undergoing rTSA at 3 months experienced 85% of the pain relief that they would experience by 2-year followup. Additionally, they reported that at 6 months, patients undergoing rTSA experienced 72% to 91% of the functional improvement that they would experience by 2-year followup. Finally, Levy et al. [8] noted several false plateaus for patients undergoing rTSA before 2 years followup and stated that improvement in some outcomes may occur after 2 years, which was the endpoint of their analysis. Our study analyzed patients up to 96 months and we observed full improvement by 12 months followup with some variations in plateaus depending on the clinical metric or ROM measurement being evaluated with the majority of improvement occurring in the first 6 months.
This large-scale clinical study of 660 patients demonstrates that both men and women of a wide range of ages at the time of surgery reliably experience clinical improvement after rTSA. Gender and age at the time of surgery were associated with some differences in rTSA outcomes as quantified by multiple scoring metrics and ROM measurements. When controlling for age, men were associated with better outcomes according to all five metrics and more motion according to three of four ROM measurements as compared with women. When controlling for gender, older patients had better outcomes, according to the ASES and SPADI, whereas younger patients had more motion, according to both active abduction and forward flexion. Finally, a combined interaction effect between age and gender was observed for active external rotation, in which younger men achieved less active external rotation and older men were associated with more active external rotation. These results demonstrate rTSA outcomes differ for men and women and for different patient ages at the time of surgery, knowledge of these differences, and also the timing of improvement plateaus in outcome metric scores and ROM measurements can both improve the effectiveness of patient counseling and better establish accurate patient expectations after rTSA. Future work is required to address the limitations of this study and to better quantify the relationships between age and gender after rTSA.
